ABSTRACT
INTRODUCTION
Since the initial introduction of laparoscopic nephrectomy in 1991 (1) , laparoscopic surgery has made tremendous progress in the urological field. Currently, many complex kidney surgeries such as radical nephrectomy, partial nephrectomy and living donor nephrectomy can be successfully completed by laparoscopic approach, and the safety and effectiveness have been confirmed by several studies (2, 3) . However, laparoscopic nephroureterectomy for tuberculous nonfunctioning kidney has always been a highly challenging procedure because of significant perinephric and perihilum inflammation and severe adhesion with adjacent structures. To the best of our knowledge, several small case series were reported on the outcomes and feasibility of laparoscopic nephroureterectomy for patients with tuberculous nonfunctioning kidneys (4) (5) (6) (7) (8) . It is still difficult to interpret the overall risk of laparoscopic nephroureterectomy for tuberculous nonfunctioning kidney due to the lack of cases in these reports, and large trials are required to draw definitive conclusions. Moreover, few studies dived into whether it is necessary to remove the distal ureter in the laparoscopic nephroureterectomy procedure for the treatment of nonfunctioning tuberculous kidneys.
In the present study, we aim to report our eight years' experience with retroperitoneal laparoscopic nephroureterectomy for the management of tuberculous nonfunctioning kidneys.
MATERIALS AND METHODS
Patients who underwent retroperitoneal laparoscopic nephroureterectomy with unilateral nonfunctioning kidney secondary to tuberculosis were included in the study. Patients with a diseased kidney less than 10 cm in diameter and without surgical history at the same anatomical site were selected for this surgery. Patients were excluded from the study if the final histopathologic examination demonstrated that the diseased kidneys were not associated with tuberculosis. From March 2005 to March 2013, a total of 51 patients were selected for this study. This study was approved by the Ethics Committee of Beijing Chao-Yang Hospital, affiliated with Capital Medical University. The advantages and risks of the laparoscopic surgery and the possibility of conversion to open surgery were fully explained to patients; all patients signed a written consent form before surgery.
The most common clinical presentation was irritative voiding symptoms (23 cases), followed by recurrent urinary tract infection (18 cases), gross hematuria (6 cases), ipsilateral flank pain (3 cases) and scrotal mass (1 case). Renal tuberculosis was suspected based on symptoms and was confirmed by a positive urine smear, urine polymerase chain reaction for acid-fast bacilli and histopathologic evaluation of bladder biopsy. A computerized tomography was used to demonstrate imaging manifestations of the entire urinary tract. A renal nuclear scan was utilized to evaluate glomerular filtration rates of the diseased kidney and contralateral kidney. Every patient had normal or mild impaired function in the contralateral kidney, and the glomerular filtration rate of the diseased side was less than 10 mL/min/1.73 m 2 . All patients initially received an anti-tuberculous remedy for 4 weeks to 3 months before operation. The standard regimen was isoniazid 5 mg/kg orally once daily, rifampicin 10 mg/kg orally once daily and ethambutol 15 mg/kg orally once daily. Symptoms of active tuberculosis, such as fever, night sweats, anemia, anepithymia and a rapid erythrocyte sedimentation rate, were controlled before operations. To avoid data deviations due to surgical learning curve, all surgeries were performed by the same surgeon (Dr. Nianzeng Xing). The intra-operative complications were analyzed using Satava classification (9) , and the postoperative complications were graded by modified Clavien classifications (10) .
All patients were regularly followed up at the second week, third month and sixth month after discharge and every 6 months thereafter till five years. A physical examination, hematological examination and ultrasonography were done during regular follow-up. An intravenous urography, renal scan and cystography were performed according to above examinations. To ensure maximal chance of bacteriologic cure, all patients received at least 6 months of antituberculous treatment after surgery.
OPERATION TECHNIQUE
Patients were placed in the lateral flank position with elevation of the diseased kidney bridge after general anesthesia. All surgical procedures were conducted as a retroperitoneoscopic radical nephrectomy, and four trocars were employed (6, 11, 12) (Figure-1) . A 2 cm incision was made 2 cm below the costal margin on the posterior axillary line. Using a forceps to bluntly penetrate the muscle layer and lumbodorsal fascia to the retroperitoneal space and an index finger to dilate the space, an enough retroperitoneal space was created to hold an uninflated balloon. Then the balloon was inflated with 1000 mL air and kept for 3 minutes. A 5 mm, 12 mm, and 10 mm trocar were placed respectively at the anterior axillary line around the 11th rib tip, 2 cm inside the anterior superior iliac spine, and 2-cm above the iliac crest for the 30º Olympus laparoscope. Finally, a 12 mm trocar was placed in the initial hole. The Gerota's fascia was cut horizontally from the front edge of the psoas muscle up to the diaphragm and down to the lower pole of the kidney, and the renal hilum was accessed by subtle but sharp dissection towards the renal artery pulsation. The renal artery and vein were successively ligated with three Hem-O--Lock clips and dissected ( Figure-2 ). The kidney was subsequently mobilized outside Gerota's fascia as far as possible using sharp dissection and care was taken to avoid puncturing the kidney sac (Figure-3) . The ureter was then identified and dissected as distally as possible at which point it is clipped with a Hem-O-Lock clip and left in situ. The retroperitoneal space was inspected with insufflation pressure at 5 mmHg to ensure adequate homeostasis. The trocar incisions were closed and the patient was changed to supine position. An approximately 7-8 cm long Gibson incision was made in the lower abdominal region. The distal ureter was gently dissected until some of the intramural ureter was mobilized, and then the bladder cuff was cut to free the specimen. After the bladder incision was totally sutured, the entire kidney within Gerota's fascia and ureter were removed en bloc from the Gibson incision.
RESULTS
The demographic profiles and perioperative parameters of patients are shown in Table- 1. There were 22 males and 29 females, ranging in age from 23 to 78 years old. Totally, 30 diseased kidneys were at the left side and 21 cases at the right side. The mean disease course was 7.3 months (range: 3-21 mon). Of 51 patients, 6 cases with contracted bladder had mild to moderate renal function impairment (range of serum creatinine level: 189-450 mmol/L) and required sigmoid augmentation cystoplasty.
Retroperitoneal laparoscopic nephroureterectomy was successfully completed in 50 patients. One patient required conversion to open surgery due to lack of progress in dissection, and the open nephroureterectomy was successfully performed. The mean operating time was 123.0 minutes (range: 109-160 min). The mean estimated blood loss was 134 mL (range, 80-650 mL) and two patients required intraoperative transfusion of 2 U packed red blood cells. The mean hospital stay was 3.6 days (range: 3-5 days) and the time of returning to normal activity was 11.6 days varying from 10 to 14 days.
The intra-operative complications analyzed using Satava classification are shown in Table- 2.
The most common complication was peritoneal tear (7.84%), which can be managed laparoscopically with no need to conversion. Renal venous injury (1.96%) occurred in one patient due to severe adhesion. However, the bleeding was successfully controlled and did not hamper the successful completion of the laparoscopic procedure. One diseased kidney was inadvertently punctured (1.96%) during dissection. The working space was thoroughly washed with a copious amount of normal saline plus streptomycin at the end of the pro- Blood transfusion (n) 2
Hospital stay (days) 3.6 (3-5)
Return to previous activities(days) 11.6 (10-14)
Follow-up time (months) 68 (12-96) 
No. of cases

Satava grade I (incidents without consequence)
Sinus arrhythmia 1 (1.96%)
Satava grade II (incidents repaired intraoperatively)
Renal vein injury 1 (1.96%)
Lumbar vein injury 1 (1.96%)
Peritoneal injury 4 (7.84%)
Spillage of pus 1 (1.96%)
Satava grade III (incidents requiring open conversion)
Inability to dissect pedicle 1 (1.96%) cedure, and no disseminated or systemic disease was identified during long-term follow-up. The postoperative complications graded by modified Clavien classifications are shown in Table- 3. The grade I and II complications were 19.6% in all. One patient was reoperated for a hematoma in retroperitoneum, which was a grade III complication (1.96%). The histopathologic examination confirmed the diagnosis of renal tuberculosis in all patients. The common microscopic findings were After 68 months (range: 12-96 months) regular follow-up, the outcomes were satisfactory. All patients achieved improvement in symptoms and renal function. No local or disseminated recurrence was identified (evaluated by urine polymerase chain reaction for acid-fast bacilli, hematologic examination and imaging examination). The ureteral stump syndrome did not occur in our patients.
DISCUSSION
Benign kidney diseases are the most common indications for laparoscopic nephroureterectomy (13) . However, laparoscopic nephroureterectomy for inflammatory renal conditions such as tuberculous nonfunctioning kidney, long-standing renal stone disease and xanthogranulomatous pyelonephritis has always been considered as a relative contraindication because of higher rate of complications and conversion to open surgery. In this study, we retrospectively reviewed 51 patients with tuberculous nonfunctioning kidneys managed by retroperitoneal laparoscopic nephroureterectomy in respect to surgical techniques, perioperative outcome and follow-up, and the results are encouraging.
In our cases, we performed all surgeries by retroperitoneal laparoscopic approach for we have high volume of experience with this approach (12) . Current researches have demonstrated that the laparoscopic operation for inflammatory nonfunctioning kidney can be accomplished through either the transperitoneal or the retroperitoneal approaches (5, 7), and the choice depends mainly on the surgeon's educational background and laparoscopic experiences. Although the retroperitoneal approach has some disadvantages such as the limited working space, difficulty to identify the anatomical structure as well as a longer learning curve compared to the transperitoneal approach, it facilitates to control renal vessels early and avoids contamination with the pus and potential injury to intraperitoneal organs (14) .
Only a few small series have been reported addressing laparoscopic nephroureterectomy for tuberculous nonfunctioning kidneys. The reported rates of successive laparoscopic surgery were between 77.8% and 100% (5-8) . The largest cohort included only 31 patients (7) . In the present study, a total of 51 patients were enrolled and laparoscopic nephroureterectomy was successfully performed in 50 patients (98.0%) with only one conversion due to dense adhesions. The peri-operative data, including mean operative time, estimated blood loss, hospital stay and complications, were consistent with previous reports (4, 15, 16) . These data support that retroperitoneal laparoscopic nephroureterectomy is feasible to treat patients with nonfunctioning tuberculous kidneys.
Various technical modifications for laparoscopic nephrectomy in the setting of nonfunctioning tuberculous kidneys and other inflammatory conditions have been proposed to reduce technical difficulties. Early control of renal vessels is an essential step of this procedure which can substantially minimize widespread bleeding and facilitate subsequent dissection (6, 11) . Dissection of renal pedicle vessels is extremely challenging because severe inflammatory process makes anatomy layers obliterated and distorted. En bloc ligation of renal hilar has been recommended to simplify the procedure for more difficult cases (17) ; however, such technique has been reported to be associated with the very rare complication of arteriovenous fistula formation, primarily in inflammatory renal pathologic features (18) . Therefore, individual ligation of the renal artery and vein was strongly preferred in our cohort. A careful, slow, patient dissection is utmost important in this procedure. The pulsations of the abdominal aorta and renal artery, and the undulation of inferior vena cava are useful markers. The renal pedicle should be approached as close as possible to the inferior vena cava on the right side and aorta on the left side, and much difficulty was not encountered in the dissection of the fibrous tissue in this region. After ligation of renal vessels, it is crucial to identify an appropriate layer to intactly move the diseased kidney. It has been reported that the underlying layer outside the Gerota's fascia is less affected by inflammation, and a dissection along this layer offers better progression and far less bleeding (19) (20) (21) . Subcapsular nephrectomy has also been described for the retroperitoneoscopic approach of LN in inflammatory conditions when dense adhesions were encountered (22, 23) . For nonfunctioning tuberculous kidneys, we found that the adhesive bundles and fibrosis were mainly localized inside the Gerota's fasica after a minimum of 4 weeks of anti-tuberculous chemotherapy. Dissection can be performed with minimal difficulty by keeping the plane outside Gerota's fascia. If difficulty with laparoscopic dissection is encountered in one area, the procedure can be carried out in other areas. The surgeon should try to achieve as much dissection as possible. The safe layer is usually visualized in the dense adhesive areas once the diseased kidney has been mostly dissected. Moreover, the introduction of advance equipments, such as the harmonic scalpel, Ligasure and bipolar electric coagulation is an excellent alternative to avoid bothersome bleeding and makes surgeries easier.
Severe ureteral stump syndrome was reported after simple nephrectomy for treatment of nonfunctioning tuberculous kidneys, and powerful anti-tuberculous regimen failed to completely cure the severe irritative symptoms in these cases (24, 25) . To ensure optimal effectiveness, it becomes apparent that total ureterectomy should be applied for treatment of nonfunctioning tuberculous kidneys. The final histopathological outcome of all patients in our study demonstrated that ureters were all diffusely invaded by tuberculosis, which supports the essentiality of total ureterectomy for nonfunctioning tuberculous kidneys. Multiple techniques have been used to manage the distal ureter during laparoscopic nephrouretectomy, including open incision and resection via an intravesical or extravesical approach, endoscopic, laparoscopic stapling of the bladder cuff, or combinations of several techniques. Considering the clinical-pathological characteristics of the tuberculosis and our experience, we recommend conventional open surgery to deal with the distal ureter. After completion of the laparoscopic procedure in our series, an approximately 7-8 cm long Gibson incision was made and the distal ureter was dissected till to the bladder wall, and the intact specimen was removed en bloc from the incision. This approach facilitates to remove more tuberculous tissue to eliminate the potentiality of ureteral stump syndrome.
There are several limitations in our study. First, our case number is relatively small. Second, this is a retrospective study of a single center. Randomized controlled trials with large sample size are needed to prove the feasibility and superiority of retroperitoneal laparoscopic approach to manage tuberculous nonfunctioning kidneys.
CONCLUSIONS
Our results indicated that retroperitoneal laparoscopic nephroureterectomy is a safe and effective method for the treatment of tuberculous nonfunctioning kidneys with satisfactory long--term follow-up outcomes. However, randomized controlled studies with large sample size and high--quality design are needed to confirm our results.
